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Cholinergica b s t r a c t
Several chemical and immunohistochemical techniques can be used for the detection of acetylcholines-
terase (AChE) activity. In this experiment we aimed to detect AChE activity in Trypanosoma evansi. For
this, the parasites were isolated from the blood of experimentally infected rats using a DEA-cellulose col-
umn. Enzymatic activity was determined in trypomastigote forms at 0, 0.2, 0.4, 0.8 and 1.2 mg/mL of pro-
tein concentrations by a standard biochemical protocol. At all concentrations tested, the study showed
that T. evansi expresses the enzyme AChE and its activity was proportional to the concentration of pro-
tein, ranging between 0.64 and 2.70 lmol of AcSCh/h. Therefore, we concluded that it is possible to bio-
chemically detect AChE in T. evansi, an enzyme that may be associated with vital functions of the parasite
and also can be related to chemotherapy treatments, as further discussed in this article.
 2012 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction
Trypanosoma evansi is distributed worldwide, infecting domes-
tic and wild animals (Mahmoud and Gray, 1980; Brun et al.,
1998; Silva et al., 1995). This intracellular ﬂagellate can besevier OA license. 
Pequenos Animais da UFSM,
spital Veterinário, Sala 103,
8958.
r).observed in tissues, blood plasma and body cavity ﬂuids of infected
animals leading to an immune response by the host (Sharma et al.,
2000). T. evansi animals infected develop a range of clinical signs
including the increase of body temperature, anemia, loss
of physical condition, weakness and neurological dysfunction
(Ngeranwa et al., 1993; Wolkmer et al., 2009; Da Silva et al.,
2010a). In previous studies, we have demonstrated changes in
the cholinergic and purinergic system of rats infected by T. evansi
(Wolkmer et al., 2010; Da Silva et al., 2010b, 2011a,b). The cholin-
ergic enzyme, acetylcholinesterase (AChE: EC 3.1.1.7) is involved
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response (Wolkmer et al., 2010; Da Silva et al., 2010a; Paim et al.,
2011).
The main role of AChE is termination of transmission at
cholinergic synapses by rapid hydrolysis of acetylcholine (ACh)
(Rosenberry, 1975; Kimura et al., 2003). The action of AChE is
not only limited to cholinergic transmission. It has potent effects
on cellular adhesion (Johnson and Moore, 1999), neural extension
(Layer et al., 1993; Layer and Willbold, 1994) and structural
regulation of postsynaptic differentiation (Soreq and Seidman,
2001). The existence of cholinergic anti-inﬂammatory pathway is
well documented (Tayebati et al., 2002; Kawashima and Fujii,
2003; Kimura et al., 2003; Pavlov and Tracey, 2006; Das, 2007).
This mechanism is mediated by ACh acting to inhibit the produc-
tion of tumor necrosis factor, interleukin-1 and macrophage
migration inhibitory factor (Borovikova et al., 2000). Signaling of
cholinergic anti-inﬂammatory pathway occurs through the
efferent vagus nerve and is initially mediated by nicotinic acetyl-
choline receptors (nAChR) on tissue macrophages, which stimulate
anti-inﬂammatory response. Also, AChE is present in lymphocytes
regulating immune functions (Kawashima and Fujii, 2003).
Non-neuronal ACh appears to be involved in the regulation of
elementary cell functions such as cell mitosis, motion and ﬂagel-
lum activity, as well participating in immune system regulation
(Wessler et al., 1998, 2003). The ability of trypanosomes to evade
the immune defense mechanism of the host becomes one of the
major and puzzling issues in the studies of host–parasite interac-
tions (Zambrano-Villa et al., 2002). The presence of the receptor
and somemetabolic changes that occur in the parasite after cholin-
ergic stimulation has been reported by Portillo et al. (2011) who
demonstrated the presence of nAChR and Mijares et al. (2011)
who localized the presence of AChE in glycosomes of T. evansi. Ace-
tylcholine has also been detected in many unicellular organisms
(including ciliated protozoa). The ubiquity of the cholinergic path-
way in the animal kingdom could be part of a mechanism to access
intracellular Ca2+ via activation of phospholipase C activity,
increasing Ca2+ concentration (Kimura et al., 2003; Portillo et al.,
2011). AChE is involved in multifaceted activities, and serves as a
suitable candidate for diagnostic purposes, vaccine development
and drug design.
Several chemical and immunohistochemical techniques can be
applied for the detection of AChE activity. Biochemical techniques
are quick and practical. In this experiment we aimed to measure
the AChE activity in T. evansi using a biochemical protocol. In addi-
tion, we discussed some possibilities of the interaction between
the presence of this enzyme in the parasite and the potential rela-
tionship with the host.2. Materials and methods
2.1. Chemicals
Acetylthiocholine iodide, 5,50-dithio-bis-2-nitrobenzoic acid,
tris-(hydroxymethyl)-aminomethane GR, Coomassie brilliant blue
G were obtained from Sigma Chemical Co. (St. Louis, MO, USA).
All other reagents used in the experiments were of analytical grade
and of the highest purity.2.2. Trypanosome strains
Two rats were inoculated intraperitoneally with 0.2 mL of cryo-
preserved blood containing 106 T. evansi per microliter. The parasi-
temia was estimated daily by microscopic examination of blood
smears (Da Silva et al., 2009; Wolkmer et al., 2009). Each slide
was mounted with blood collected from the tail vein, stained bythe panoptic method, and visualized by optical microscopy. After
the 5th day of infection the parasitemia was greater than 100 try-
panosomes per microscopic ﬁeld (1000). At this time the animals
were anesthetized for blood collection, and samples were stored in
tubes with anticoagulant.2.3. Isolation of trypomastigotes forms
Immediately after sample collection trypomastigotes were iso-
lated by chromatography on a Poly-Prep column (Bio-Rad Labora-
tories, Hercules, USA) using DEAE–cellulose resin, according to the
technique described by Tavares et al. (2010). The number of para-
sites puriﬁed was measured by counting in a Neubauer chamber. In
order to further concentrate the parasites, the samples (2 mL of
phosphate-buffered-saline-glucose: PSG + parasite) were centri-
fuged for 30 min (14,000g at 4 C). The pelleted trypanosomes
were resuspended in Hanks’ balanced salt solution (HBSS).2.4. AChE activity in the parasite
AChE activity in T. evansi was obtained by adapting the
technique described by Ellman et al. (1961) and modiﬁed by
Fitzgerald and Costa (1993) used to evaluate the AChE activity in
lymphocytes. Brieﬂy, 0.2 mL of samples were added to a solution
containing 1.0 mM acetylthiocholine (AcSCh), 0.1 mM, 5,50-
dithio-bis-2-nitrobenzoic acid (DTNB) and 100 mM phosphate
buffer (pH 8.0). Immediately before and after incubation for
30 min at 27 C the absorbance was read on a spectrophotometer
at 412 nm. As negative and positive controls HBSS and human
lymphocytes were used respectively. Peripheral lymphocytes were
isolated using Ficoll Hypaque density gradient as described by
Böyum, (1998). AChE was calculated from the quotient between
trypanosome AChE activity and protein content and the results
were expressed as lmol of AcSCh/h and lmol of AcSCh/h/mg of
protein. The experiment was replicated twice and the samples
were measured in triplicate.2.5. Protein determination
Protein concentration of the trypomastigotes was determined
by the Coomassie blue method (Bradford, 1976) using bovine ser-
um albumin as a standard. Protein concentrations of the samples
were adjusted to provide 0, 0.2, 0.4, 0.8 and 1.2 mg/mL.2.6. Ethics committee
This study was approved by the Ethics and Animal Welfare
Committee of the Rural Science Center of the Federal University
of Santa Maria (CCR/UFSM), No. 017/2012 in accordance with exist-
ing legislation and the Ethical Principles published by the Brazilian
College of Animal Experiments (COBEA).3. Results and discussion
In this study AChE enzyme was detected biochemically in T.
evansi. The biochemical method used to evaluate the activity of
AChE in lymphocytes through hydrolysis of the neurotransmitter
acetylcholine (Fitzgerald and Costa, 1993), proved to be effective
for quantifying the enzymatic activity in the parasite. Fig. 1 shows
that increased protein concentration (parasite) resulted in a higher
enzymatic activity (R2 = 0.91807). The mean concentration mea-
sured was 2.132 ± 0.3 lmol of AcSCh/h/mg of protein, demonstrat-
ing that, at all protein concentrations used, the degradation activity
of the enzyme was very similar. The reaction did not occur when
Fig. 1. Biochemical detection of acetylcholinesterase (AChE) in trypomastigotes
forms of T. evansi. Relationship between AChE activity and protein concentration of
the parasite (n = 9).
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served when lymphocytes were used (positive control).
AChE is an enzyme broadly distributed in many species,
including parasites. Initially it was believed that this enzyme
was present only in forms that show motion, such as motile pro-
tozoa and hydrozoa, but not in non-motile protozoa or sponges
(Seaman and Houlihan, 1951; Karczmar, 2010). The authors sug-
gested that the presence of AChE could be correlated with the
motility, since, in nerve activity, the action current is controlled
by hydrolysis of ACh by AChE. So, the enzyme is fundamental
to the regulation of impulse propagation and thus responsible
for ﬂagellar and cilia motion. Researches have however shown
that the cholinergic system is also present in non-motile organ-
isms, such as plasmodium and the sponges. In the other hand,
there is no evidence that AChE is related to ﬂagellar motion of
Physarum polycephalum (Jahn and Bovee, 1965). Taking this infor-
mation together, the possibility arises of a non-neuronal role
played by the cholinergic system.
Using a standardized protocol to assess the activity of the
enzyme (Ellman et al., 1961 modiﬁed by Fitzgerald and Costa,
1993) we were able to detect biochemically the presence of
AChE in T. evansi, this enzyme has also been demonstrated by
ELISA recently (Mijares et al., 2011). Probably, in the parasite,
this enzyme is responsible for the regulation of ACh levels. Fur-
thermore, T. evansi have other components of cholinergic sys-
tem including nAChR (Portillo et al., 2011). Within the cell,
these receptors mediate activation of phospholipase C activity,
resulting in increases in [Ca+] and inhibition of adenylyl cyclase
activity, resulting in decreased cyclic AMP (cAMP) formation
(Hulme et al., 1990). Due to its crucial biological role, AChE is
the target of a wide repertoire of drugs and poisons, both nat-
ural and synthetic. These include organophosphate insecticides
and antihelmintics that act as powerful covalent inhibitors of
AChE (Levi-Schaffer et al., 1984; Stieger et al., 1986; Soreq
and Seidman, 2001; Harder, 2002a,b). nAChR has a wide distri-
bution in the animal kingdom, and its presence in T. evansi
widens further its distribution in protozoa (Wessler et al.,
1998). Cholinergic stimulation of the nAChR is terminated by
hydrolysis of ACh) by the enzyme. In future studies, it is impor-
tant to demonstrate ACh within the parasite, as well as the
presence of choline acetyltransferase (ChAT) enzyme, which is
responsible for the synthesis of ACh from acetyl coenzyme A
and choline.
Considering the cholinergic anti-inﬂammatory pathway, if AChE
in T. evansi was released under stimulation, the enzyme could be
acting as modulator of the host immune system. We havepreviously demonstrated alteration of host-AChE activity during
parasitic infections (Da Silva et al., 2010a, 2011a; Wolkmer
et al., 2010). Parasite-enzymes could interfere with the course
of infection by regulation of the immune response to the para-
site associated with immune response evasion. The cholinergic
system plays a role in the neuro-immune network of mammals
with a high degree of integration between cells of the immune
system and the cholinergic system (Rinner et al., 1995). This
mechanism is regulated by neural signals transmitted via vagus
nerve that suppresses the pro-inﬂammatory cytokine release,
speciﬁcally via a7 subunit-containing nicotinic acetylcholine
receptor (a7nAChR) (Kawashima and Fujii, 2003). ACh acts di-
rectly on macrophage and lymphocyte receptors to open a
channel in the cell membrane. Binding to ACh results in re-
duced nuclear factor (NF-kB) activation, preservation of HMGB1
nuclear localization reduced production of inﬂammatory cyto-
kines (Das, 2007). Therefore, ACh is partially regulated by auto-
nomic nervous system, and this pathway regulates the release
of tumor necrosis factor (TNF), interleukin-1 (IL-1) and other
pro- and anti-inﬂammatory cytokines from immune cells
(Elenkov et al., 2000; Tracey, 2002; Pavlov et al., 2003; Pavlov
and Tracey, 2004). Whereas, ACh is an anti-inﬂammatory mole-
cule (Das, 2007) and parasite AChE could interfere on the levels
of ACh on host, changing local and systemic inﬂammatory
events caused by trypanosomes infection, thereby regulating
the immune response to the parasite.
In conclusion, the present study evidence that T. evansi
expresses the enzyme acetylcholinesterase, which probably
regulates the concentration of acetylcholine, as it does in mam-
mals. The technique used proves to be adequate for detecting AChE
biochemically in the parasite.References
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